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BUOYANCY SYSTEMS 
This invention relates to submersible buoys and in 

one of its aspects to a buoyancy system utilizing a plu 
rality of submersible buoys to control the lowering and 
raising of objects to and from the sea bottom. Another 
aspect of this invention relates to offshore pipe line 
laying systems and systems for placing heavy objects at 
or near the ocean bottom under control, particularly 
during the exploration and production of oil and gas 
from beneath the ocean bottom. ' 
Because of the increasing demands for ?nding more 

and more sources of oil and gas, offshore exploration 
and production has moved steadily into deeper and 
deeper waters. However, as drilling and production are 
attempted in deeper waters, the industry faces substan 
tial problems because of the high hydro-static pressures 
involved and the great distances required for control 
lines, etc. One dif?cult and important problem encoun 
tered in great depths of water is the handling and laying 
of pipe lines of great lengths. At the present it is com 
mon to employ a large pipe laying barge with large and 
expensive pipe handling equipment, to lay the pipeline, 
or to weld large sections of pipe together on shore and 
tow the welded pipeline to the site where it is to be 
lowered to the ocean ?oor, usually under control of a 
large ?oating crane. 
For use with past pipe laying systems, various forms 

of buoyancy systems have been suggested by the prior 
art for controlling the descent of pipe lines being laid on 
the ocean ?oor. Examples of such buoyancy systems are 
illustrated in US. Pat. Nos. 3,114,920, 3,181,182, 
3,727,417, 3,835,655, 2,900,795, 3,620,028, 3,765,185, 
3,136,133, 3,835,656, 3,309,879, 3,803,540 and French 
Patent No. 2,284,512. 

All of these systems, however, in one aspect or an 
other are unsuitable for use in controlling the laying of 
large pipeline at varying depths. For example, in US. 
Pat. Nos. 3,181,182, 3,114,920 and 3,126,559, large, rigid 
buoys are disclosed which are not suitable for use in 
large numbers because of their cost, or suitable for easy 
transportation from site to site because of their bulk and 
rigidity. Also, no means is disclosed in these patents for 
simply and accurately providing substantially precise 
control, remotely or internally, at all depths of submer 
sion, of the rate of descent or ascent of the load sup 
ported by the buoys. Also, because of the inability to 
practically control large loads at great depths with only 
a buoy system, in the past the use of very large ?oating 
cranes or very large “stringers” and tensioners from 
which the pipeline is supported, has been necessary. 
Many of the problems associated with the prior art 

buoyancy systems, particularly in conjunction with 
laying long streams of pipeline, are solved by the use of 
the present invention which utilizes a plurality of in?at 
able, collapsible buoys and automatic controls for con 
trolling the pressure differential of the in?ating pressure 
of the buoys and the hydrostatic pressure surrounding 
the buoys at any depth of submersion during operation. 
Each of the in?atable buoys may be made of rubber like 
material, such as natural or synthetic rubbers, polyure 
thane elastomers, PVC elastomers, etc., reenforced 
with conventional material such as glass ?ber, nylon, 
polyester and other such reenforcing materials. The 
buoys are built so that they may be rolled up into a 
volume which is a very small percentage of their in 
?ated state and therefore can be easily transported from 
site to site. When totally in?ated, they have a maximum 
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volume so as to provide a given displacement of water 
which is easily calculated. The buoy may be of any 
conventional shape, such as spherical, cylindrical, or 
ellipsoidal. The amount of ?oatation capacity of each 
buoy is governed by the degree of in?ation which con 
trols the volume of water displaced by the buoy. In 
accordance with this invention, means is provided for 
automatically controlling the volume or degree of in?a 
tion of the buoy to premit the buoy to be varied by any 
percentage from its maximum buoyancy from a remote 
location with no connections between the buoy and the 
remote control location other than the ?uid line con 
ducting the in?ating medium. 

In the preferred embodiment of this invention illus 
trated in this application, this means is disclosed as a 
unique valve connected between the ?uid line conduct 
ing the fluid medium tolthe buoy and the buoy inlet, and 
operational under the control ofa diaphragm or other 
apparatus responsive to the hydrostatic pressure about 
the buoy. In one embodiment of the valve mechanism 
utilized, a predetermined pressure differential is main 
tained by the valve structure between the pressure on 
one side of the valve responsive to the hydrostatic pres 
sure, and pressure on the other side of the valve respon 
sive to the in?ating pressure in the buoy, so that at all 
depths of submersion of the buoy this pressure differen 
tial is maintained at a substantially small constant value. 
This embodiment may be used with a series of buoys, as 
hereinafter explained, which may be present to a rela 
tively small negative buoyancy when the load is at 
tached to the buoys to provide primary support for the 
buoys and the load. In another embodiment of the valv 
ing structure utilized to control the state of in?ation of 
the buoys of this invention, means is also provided for 
conducting a pilot pressure to the valve structure to 
permit the buoyancy of the buoys to be varied under 
control so that together with the load and the primary 
buoys they provide a slightly positive buoyancy, a neu 
tral buoyancy, or a slightly negative buoyancy, as de 
sired. Thus, while a load can be largely supported by a 
plurality of primary support buoys which provide a 
total slightly negative constant buoyancy on the system, 
a plurality of secondary buoys can be varied remotely 
through a small range to thus change the overall buoy 
ancy to control the ascent or descent of the load. As 
with the valve structure described for control of the 
primary buoys, an important feature of the present in 
vention is that the valve structure utilized to control the 
secondary buoys, which permits a variable buoyancy, 
also functions to prevent the pressure differential be 
tween the hydrostatic pressure in the body of water 
about the buoy and the in?ating pressure of the buoy 
from exceeding a predetermined amount. Thus, by em 
ploying the valve apparatus of the present invention 
with both the primary and secondary buoys utilized in 
the system described, it is possible to use in?atible buoys 
which would normally collapse under high hydrostatic 
pressure at great depths of water, since the buoy only 
needs to be designed structurally to withstand the pres 
sure differential between the hydrostatic pressure and 
the internal pressure of the buoy and not to withstand 
the full load of the hydrostatic pressure. 

In accordance with this invention, the buoys utilized 
in both the primary support system and the secondary 
support system are preferably made of light, in?atable 
material and are easily portable. 
As an example of the utilization of the buoyancy 

systems of the present invention in connection with the 
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laying of an offshore pipeline, if the pipeline is towed 
out to sea the buoyancy system can control the pipe at 
any given depth below the surface, or at any given 
distance from the sea floor, or can control the pipe so as 
to actually be in touch with the sea ?oor, with any 
given amount of negative buoyancy, so as to be less 
subject to currents, yet with only a percentage of its 
total weight in contact with the sea floor. This system 
allows for surfacing of the pipe when necessary, or even 
surfacing one end only for tie-ins, etc. The buoyancy 
system can be disengaged at any given time from the 
pipe, and totally controlled from a surface vessel. 
For lay-barge operations with the present invention, 

the pipe can be cradled from the lay barge at any given 
angle of repose, without the use of stingers or tension 
ers. Automatic braking systems provide alternate re 
lease and holding of the buoyancy system as the pipe is 
laid, with no damage to concrete or other coating on 
the pipe. As in the tow-out operations, the total buoy 
ancy system can be released from the pipe at any given 
time, and controlled from the surface vessel. 
The buoyancy of the present invention system has no 

depth limitations and it is entirely feasible to handle pipe 
in water of 10,000 ft. depth, by either of the above types 
of laying operations. 
The depth of water to which this system may be used 

is controlled entirely by the surface-supplied air or gas 
pressure, which only need be some 0-5 PSI greater than 
hydrostatic pressure at that depth. The rate of descent is 
controlled by the flow quantity (CFM) of air or other 
gas supplied, since the system cannot be lowered at a 
rate greater than the CFM capacity. 
For surfacing, relief valves are provided for bleeding 

off excess pressure as the system rises to the surface. 
The entire line of any given length may be held static at 
any given depth inde?nitely. It may be held in a level 
position, or one end may be lower than the other, to 
follow bottom curvatures, or one end may upon signal 
be raised to the surface for tie-ins, etc. 
Any signal to change position must of course come 

from the surface vessel, but once this signal is sent, all 
other changes in the buoyancy system are entirely auto 
matic, controlled by the valving system on each individ 
ual buoy. 

All controls are air or other gas and there are no 
electrical systems of any kind. In some types of opera 
tions, for instance lay-barge operations, there will be a 
single air line to the surface vessel. In other types of 
operations, as in tow-out operations, there will be two 
air lines to the surface vessel. Generally, it will not be 
necessary to have more than three air lines to the sur 
face. 
During operations at sea, the entire system with its 

load of pipe can be disengaged from by the surface 
vessel, and later be picked up at will. The ends of the air 
lines may be disconnected from the compressor, and left 
attached to a marker buoy for later pickup. This is a 
very desirable feature for work in stormy seas, where 
conditions may require that tugs or other vessels disen 
gage from their loads until conditions improve. The 
pipe and buoyancy system can be left inde?nitely on the 
ocean floor for subsequent pickup. 
The entire system can be relatively inexpensive since 

the largest and most expensive part of the equipment is 
generally compressor equipment. The buoys themselves 
can be rolled up and stored or transported easily, in 
very little space, along with hoses and valving equip 
ment. Auxiliary equipment, such as clamps to pipe for 
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tow-out operations, cradlying equipment for lay-barge 
operations, etc. are so constructed as to fit many sizes of 
pipe, with only small on-site adjustments. All this equip 
ment can be designed as to be minimal in bulk and 
weight. 
‘Also, with the present invention underwater camera 

equipment, and many other types of equipment can be 
handled more safely and more economically than by 
present methods, with far more precise control. 

In the drawings, wherein like reference numerals are 
used throughout to designate like parts, and wherein 
preferred embodiments of the invention are illustrated: 
FIG. 1 is a schematic view of a buoyancy system 

employing the present invention to support a pipeline at 
a desired depth of submergence in a body of water; 
FIG. 2 is a cross sectional view of one form of a 

valving apparatus utilized to maintain a constant pres 
sure differential in the primary buoys utilized in the 
buoyancy system of this invention; 
FIG. 3 is a sectional view of the valve apparatus of 

FIG. 1 taken at 3—3 in FIG. 2; 
FIG. 4 is a cross sectional view of another form of a 

valving apparatus utilized with this invention for main 
taining a predetermined pressure differential between 
the in?ating pressure of a secondary buoy and the hy 
drostatic pressure about the buoy; 
FIG. 5 is a sectional view of another form of the 

valving apparatus which may be utilized with the appa 
ratus of FIG. 2 or FIG. 4; 
FIG. 6 illustrates a method of pulling out a pipeline to 

be laid at an offshore sea bottom utilizing the buoyancy 
system of the present invention; 
FIG. 7 illustrates a method of utilizing the present 

invention to assist in the laying of an offshore pipeline 
from a lay barge; 
FIG. 8 illustrates a method of utilizing the buoyancy 

system of the present invention to assist in the laying of 
the pipeline from a‘lay barge and cradle assembly ex 
tending from the lay barge; 
FIG. 9 illustrates utilization of the buoyancy system 

of the present invention to control the descent of a 
pipeline in which a braking system is used to control the 
position of each of the buoys on the pipeline during 
descent. 
FIG. 10 illustrates a view in elevation taken from the 

end of the braking mechanism and cradlying apparatus 
utilized with the system of FIG. 9; 
FIG. 11 is a side view in elevation of the apparatus of 

FIG. 10; 
FIG. 12 is a cross sectional view in elevation of the 

braking mechanism as utilized with the apparatus of 
FIG. 10; 
FIG. 13 is a view in elevation illustrating one form of 

apparatus for realeasably connecting a buoyancy mem 
ber to a pipeline for releasably supporting pipeline at 
any desired depth of submergence; 
FIG. 14 is a top view in elevation of the releasable 

buckle for releasably supporting a pipeline at any de 
sired depth of submergence; 
FIG. 15 is a cross sectional view taken along lines 

15-—15 in FIG. 14 illustrating the buckle of FIG. 14 in 
a closed position; 
FIG. 16 is a view similar to FIG. 15 but illustrating 

the buckle of FIG. 14 in an open position; 
FIG. 17 is a schematic view illustrating the use of the 

buoyancy system of the present invention to control the 
angle of submergence of a pipeline; 
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FIG. 18 is a side view in elevation of a system utiliz 
ing the buoyancy members of the present invention to 
control the ascent or descent of a vertical riser or other 
vertical member; 
FIG. 19 illustrates a top view in elevation of the 

system of FIG. 18; and 
FIGS. 20 and 21 show another embodiment of the 

valve mechanisms of this invention. 
Referring now to the drawings, in FIG. 1 the buoy 

ancy system 10 of this invention is illustrated as being 
utilized to support a pipeline P below the surface S of a 
body of water. Buoyancy system 10 includes a source of 
pressurized ?uid 11, such as an air compressor (not 
shown) mounted on work barge B for providing in?at 
ing pressures, a primary buoy 12 made of in?atable 
material and connected to pipeline P through a hose 13, 
and a secondary buoy 14 also made of in?atable mate 
rial connected to pipeline P through a hose or other 
suitable connecting means 15. Generally the system will 
include a plurality of primary and secondary buoys, as 
needed, to control a relatively long length of pipeline at 
different depths of submergence. Primary buoy 12 in 
cludes an inlet 16 for receipt of an in?ating medium and 
a relief valve 17 for relieving excessive pressures from 
the buoy to prevent rupture, particularly when the buoy 
rises to the surface. Inlet 16 is connected to an outlet 18a 
of a valving apparatus 18 which is hereinafter described 
in detail, and valving apparatus 18 includes an in?ating 
medium inlet 18b connected through a ?uid conduit 19 
and a control valve 20 to source 11 as illustrated in FIG. 
1. Valving apparatus 18 also includes an inlet 21 which 
is open to the surrounding hydrostatic pressure about 
the buoy 12, and an exhaust outlet 22 for exhausting 
in?ating medium from buoy 12. 

Secondary buoy 14 is similar to primary buoy 12 and 
includes a relief valve 23 and inlet 24 for receipt of an 
in?ating medium from an outlet 25a of a valving appa 
ratus 25 connected thereto through a ?ow conduit 26. 
Valving apparatus 25 is similar to valving apparatus 18, 
however, as hereinafter described, it includes an inlet 27 
connected to receive a pilot pressure through a conduit 
28 and a control valve 29 from the source of pressurized 
gas 11. Valving apparatus 25 also includes an exhaust 
outlet 30 and an inlet 31 exposed to the hydrostatic 
pressure about secondary buoy 14. The air supply for 
in?ating the secondary buoy 14 is obtained through an 
in?ating medium inlet 32 connected through a ?ow 
conduit 33 to valve 20. 
During operation of buoyancy system 10 illustrated 

in FIG. 1, pipeline P, which may be of great length and 
have any number of combinations of primary and sec 
ondary buoys connected to it in order to control its 
descent and ascent in a body of water, is preferably kept 
at a slightly negative buoyancy tending to permit the 
pipeline to descend in the body of water by addition 
only of the primary buoys. Then, by further addition of 
the secondary buoys to the pipeline, their buoyancy can 
be varied under control through a relatively small'range 
to permit the buoyancy of the system to go from a 
slightly negative buoyancy as provided by the primary 
buoys only to a slightly positive buoyancy to cause 
ascent of the pipeline to a predetermined depth. Also, 
the buoyancy of the secondary buoys can be adjusted to 
provide neutral buoyancy at any desired depth of sub 
mergence for the pipeline so that one end of the pipeline 
can be at a deeper depth in the body of water than the 
other end and the whole pipeline can be maintained 
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6 
under control throughout its length at any of the depths 
between. 

In the system of FIG. 1, it is possible to replace the 
primary buoys with buoys having a ?xed buoyancy that 
provide a slightly negative buoyancy when the weight 
of the pipeline is attached thereto and the pipeline is 
submerged at a desired depth. However, for the pur 
pose of providing better control, and permitting the 
point at which the buoyancy becomes slightly negative 
in the primary buoys to be varied, the apparatus that is 
described for the primary buoys in FIG. 1 is preferred. 

Referring now to FIGS. 2 and 3, valving apparatus 18 
for controlling the primary buoy 12 is illustrated as 
including a main body or housing 40, which in turn 
includes a central longitudinal bore 41 through the 
length thereof and a plurality of transverse bores 42, 43 
and 44 extending from central bore 41 to the exterior of 
housing 40. As illustrated in FIG. 2, bore 42 receives a 
threaded coupling or ?tting 42a to form outlet 18a, bore 
43 receives a threaded coupling or ?tting 43a to form 
inlet 18b, and bore 44 receives a threaded coupling or 
?tting 44a to form exhaust outlet 22. Although not 
required, it is preferred for 'ease of manufacture that 
each of the bores 41, 42, 43 and 44, be circular. 
As illustrated in FIG. 2, one end of bore 41 is closed 

by a plate 45 mounted on one end of housing 40, and 
second housing 46, is mounted on the opposite end of 
housing 40 and includes an opening 47 in communica 
tion with bore 41. Housing 46 includes a ?exible dia 
phragm 48 mounted on a threaded rod 49 and rod 49 
extends through opening 47 and into bore 41 to function 
as a control rod for a valve member as hereinafter de 
scribed. Membrane 48 is preferably made of ?exible 
material mounted in a center chamber 50, and a dia 
phragm 48 divides chamber 50 into a ?rst area 50a that 
can be exposed to the hydrostatic pressure about the 
primary buoy to which the valve apparatus 18 is con 
nected, and a chamber 50b which is exposed to the 
internal pressure of the buoy. An opening 51 is provided 
in wall 52 of housing 46 separating the chamber 50a 
from the hydrostatic pressure, and outlet 21 is mounted 
by an opening 51 as illustrated in FIG. 2. Thus, ?uid 
pressure in chamber 50a, which is at the hydrostatic 
pressure outside housing 46, acts against diaphragm 48 
and tends to urge diaphragm 48 and threaded rod 49 
away from opening 51. 
A slidable valve member 53 is mounted in bore 41 and 

includes a center portion 54 of a diameter less than the 
internal diameter of bore 41, and enlarged end portions 
55'and 56 of a diameter slightly less than the diameter of 
bore 41 to permit the valve 53 to slide in bore 41. Each 
of end portions are hollowed out in their interior. For 
purposes of illustration of this invention it is assumed 
that all of the parts described in valve member 53 are 
circular in cross sectionand bore 41 is also cylindrical. 
The center portion 54 of member 53 includes an inter 

nal bore 57 which is threaded to receive threaded rod 49 
which also passes through the interior of outer portion 
56 of the valve member 53. Thus, as threaded rod 49 
moves in response to the movement of diaphragm 48, 
valve member 53 likewise is caused to move. Also, a 
coil spring 58 is mounted about threaded rod 49 be 
tween center portion 54 of valve member 53 and the 
wall 59 of housing 46 which is mounted on housing 40. 
Spring 58 opposes the movement of threaded rod 49 
towards opening 51 and biased valve member 53 in the 
opposite direction. 
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As illustrated in FIG. 2 when valve 53 is centered in 
bore 41, bores 43 and 44 are closed by end portions 55 
and 56 respectively of the valve member while bore 42 
is in fluid communication with bore 41 and by way of 
openings 60 in the wall of valve member 53. Openings 
60 communicate between the portion of bore 41 about 
central portion 54 and the interior of each end of por 
tions 55 and 56 of the valve member. 
With the structure described in FIG. 2, it is intended 

that a slightly negative buoyancy be provided by the 
combination of the buoy connected to the valve and the 
load attached to the buoy when valve 53 is in the posi 
tion illustrated in FIG. 2. In this position the pressure in 
outlet 42 and in bore 41, and thus the pressure on the 
side 50b of diaphragm 48 opposite from inlet 51 will be 
more than the pressure in chamber 50a which is exposed 
to hydrostatic pressure. However, it is preferred that 
this differential only be a few pounds, i.e., preferably 
less than ?ve PSI and this differential is maintained by 
selecting a spring 58 of the proper size. 

In the apparatus illustrated in FIG. 2, either the 
spring 58, or the hydrostatic pressure in chamber 500 if 
the buoy is in deep enough water, will cause valve 
mechanism 54 to move towards the left in FIG. 2 to 
open inlet 43 and provide for the ?ow of air or other 
in?ating medium into a primary buoy through outlet 42. 
Thus, as the buoy is in?ated and the pressure in outlet 
42, bore 41 and chamber 50b rises to the point that it is 
equal to the hydrostatic pressure plus the tension in 
spring 58, valve member 53 will then move to the right 
in FIG. 2 to close opening 43. There may be some hys 
teresis in this operation which will cause cycling of the 
valve member until the pressure is stablized. Because of 
the force of spring 58 the pressure added to the buoy 
will always be slightly more than the hydrostatic pres 
sure so that any given depth of submergence a slightly 
negative buoyancy will be provided by the valve mem 
ber. Thus, when a load is connected to the primary 
buoy, causing it to be drawn down into the water, valve 
apparatus 18 responds to the buoy to add air to the 
system supporting the load to offset change in hydro 
static pressure. 

Referring now to FIG. 4 the valve apparatus 25 for 
controlling the secondary buoys utilized in the present 
invention is illustrated. In FIG. 4 like reference numer 
als are used throughout to designate those parts which 
are identical to the structure previously described with 
respect to FIG. 2, it being understood that the basic 
difference between the valving apparatus of FIG. 4 and 
that of FIG. 2 is that a second diaphragm is added to 
permit control of the position of the valve member by 
an external ?uid pressure. As illustrated in FIG. 4, in 
place of plate 45 in the FIG. 2 embodiment, a housing 
70 is provided which includes an outer wall 71 in which 
an inlet 27 for receipt of a pilot pressure is provided, and 
an inner wall 72 includes an opening 73 in communica 
tion with central bore 41 in housing 40 and through 
which a second threaded rod 74 passes. A diaphragm 75 
is mounted on threaded rod 74 between plates 76 and 
77, in housing 70 and in a chamber 78 formed therein. 
Diaphragm 75 divides chamber 78 into a sub-chamber 
78a exposed the pressure in inlet 27 (and thus the pilot 
pressure) and a sub-chamber 78b exposed to the pres 
sure in central bore 41 in the same manner as described 
with respect to chamber 50 in FIG. 2. 
Also included in the FIG. 4 apparatus is a second 

spring 79 which is provided between portion 55 of 
valve member 53 and wall 72 so that when the pressure 
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8 
on the chamber 78 side of the diaphragm 75 and on 
chamber 50a side of diaphragm 48 are equal, valve 
member 53 is centered as illustrated in FIG. 4, and is 
automatically self-centering whenever these pressures 
are equal. 

Thus, with the apparatus described in FIG. 4, the 
pilot pressure through inlet 27 can be utilized to regu 
late the position of the valve 53 with respect to bores 42, 
43 and 44, in addition to the hydrostatic pressure. Thus, 
if the hydrostatic pressure at a known depth is deter 
mined the pressure at inlet 27 can be set to provide the 
necessary change in the pressure of the in?ating me 
dium in the secondary buoy to provide ascent or de~ 
scent of the buoy to the desired depth of submergence. 
FIG. 5 illustrates an alternate form of the valve mech 

anism and valve body which may be utilized in the FIG. 
2 and FIG. 4 apparatus described. It is essentially the 
same structure as described and includes a valve mem 
ber 80 slidably mounted in a central bore 81 of housing 
40 to control the ?ow of air between inlet 43 and outlet 
42, and outlet 42 and outlet 44. As illustrated in FIG. 5 
valve member 80 includes end portions 82 and 83 of a 
diameter slightly smaller than the diameter of outlet 
bore 81, and a central portion 84 of reduced diameter 
corresponding to central portion 54 of valve member 53 
in FIG. 2. However, valve member 80 includes tapered 
shoulders 85 between each of end portions 82 and 83 
and central portion 84 and two circular grooves 86 are 
provided in housing 40, transverse to central bore 81 
with each groove 86 having tapered side walls 87 and 
being in communication with one of inlet 43 or outlet 
44. With this arrangement as valve member 80 moves 
from a position closing off communication between 
outlets 42 and 44, thus moving to the right in FIG. 5, 
?ow between the outlets builds up gradually as the 
lower edge 88 of tapered shoulder 85 passes over'the 
opening in outlet 44, until full ?ow is established. Simi 
larly, when the valve member moves to the left ?ow 
from inlet 43 to outlet 42 is ?rst picked up along'edge 89 
of tapered shoulder 85 of end portion 82 and increases 
as the valve member continues to move to the left in 
FIG. 5. By this arrangement abrupt and sudden ?ow 
changes are avoided and hysteresis is minimized in the 
operation of the valve. Also, with the angled and ta 
pered shoulders 85, the distance of movement of valve 
member 80 in either direction from center to cause some 
sort of change in pressure in the buoy is reduced and the 
range of control over the operation of the valve is in 
creased. 

Referring now to FIG. 6 a method is illustrated 
which utilizes the buoyancy system of the present in 
vention to pull or lay a pipeline P in a body of water 
which may be assembled in sections on shore and towed 
from shore outwardly in the body of water to a location 
to be joined together. The pipeline is towed out by a 
barge B, only a portion of which is shown in FIG. 6. 
For purposes of illustration the system of FIG. 6 in 
cludes a plurality of primary buoys 12 and a plurality of 
secondary buoys 14 connected along the length of pipe 
line P by a releasable coupling 90, such as shown in 
detail in FIG. 13. Thus, as the pipeline P is pulled in the 
water by barge B it is supported by the buoys until it 
reaches and is laid along the bottom of the sea (indicated 
by the letters SB) at which time the buoys at the sea 
bottom can be remotely released from the pipeline the 
retrieved and returned to the barge for continued use 
during the sequence‘ of operations or during a subse 
quent operation. 
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For example, by use of the system of FIG. 6, one mile 
or greater lengths of pipeline sections may be towed 
great distances on the surface of a body of water, or at 
any desired level below the surface of a body of water 
to an offshore location where these sections can be 
joined together to make up an entire pipeline. The pipe 
line sections, with their protective coatings, weight 
coatings, etc. can be calculated as to their negative 
buoyancy in sea water. The proper number of primary 
buoys can be attached to still retain a slightly negative 
buoyancy on the pipeline section, and the required num 
ber of secondary buoys to give a slightly positive buoy 
ancy to the section when fully inflated can be attached 
to the pipeline sections at spaced intervals between the 
primary buoys. The primary and secondary buoys may 
be connected to the common high-pressure line 19 
which functions as a primary air line. The pressure in 
this line will be maintained at a slightly higher value 
than the hydrostatic pressures at depths to which the 
line will be ultimately subjected. The secondary or pilot 
pressure air line 28 is also run from barge B and is at 
tached only to the control valving 25 of the secondary 
buoys. The pressure in line 28 will vary, according to 
the depths desired by the personnel laying the line, or 
towing the line. The air pressure in line 28 is generally 
pre-set at the surface control stations for the depth at 
which the pipeline section is to be held, and if it should 
be desired to bring the pipeline section P to the surface 
S, all or a substantial part of the pressure can be relieved 
from line 28. However, for example, if it should be 
desired to lower pipeline section P to 100 feet of depth, 
and hold it at this depth for extended periods of time, 
such as for two-out, then the pressure of the pilot pres 
sure line 28 would be set at approximately 46.5 PSI. 
When it is ultimately desired to lower the pipeline to the 
bottom, then the pressure in pilot pressure line 28 would 
be increased in increments, allowing the pipeline to 
descend at a given, controlled rate until it has settled on 
the ocean ?oor. Then at any given time, controls at the 
surface (not shown) would allow the operator to actu 
ate mechanism 90 to release any part or all of the ?ota 
tion buoys, together with the air lines, and other auxil 
iary equipment, and bring them to the surface where 
they can be recovered, de?ated, and rolled up into a 
very small space for returning to shore to be reused. 
The control valving allows the buoys to return to the 
surface from any depth, releasing their pressures as they 
rise so as to maintain, for example, a maximum 5 PSI 
differential pressure inside the buoy at any given point 
in the ascent. 

Thus, with the system illustrated in FIG. 6 pipeline 
sections as long as a mile or more in length can be as 
sembled on shore and then towed out to sea under con 
trol for joining. 

Referring now to FIG. 7 a system is illustrated in 
which a pipeline P is laid at sea from a lay barge B. 
Pipelines up to several hundred miles long are many 
times laid from lay barges and pipe of any size may be 
handled. This is generally a continuous operation, with 
crews working 24 hours per day. The method generally 
used today employs a large barge equipped with multi 
ple anchors ahead and to the sides of the barge. Anchor 
winches position the barge, and pull it ahead as work 
progresses. Work boats pick up the anchors and move 
them as required. In shallow water, the laying of the 
pipe off the rear of the barge presents no problems, 
however, as the water becomes deeper, holding the pipe 
at an angle at which it and its coating materials will not 
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be damaged becomes a problem. A "stinger” is gener 
ally angled off the rear of the barge to support some of 
the load of the pipe, and tensioners in multiples are 
arranged so as to hold a part of the load. But as water 
becomes deeper and deeper, such methods as those 
offered by the present invention are a necessity. In use 
of the system of this application, the required amount of 
?oatation is calculated, and a plurality of primary buoys 
12 are attached to the pipe to provide the desired angle 
of descent of the pipe to the sea bottom, whatever be 
the depth. In this type of application, since all the buoys 
are primary buoys, the source of in?ating air can be 
provided by only a single, high-pressure air line 19. 
Since some of these buoys will be at the surface at the 
same time others will be at all depths between the sur 
face and the ocean ?oor, obviously each buoy or set of 
buoys will require different pressures in order to with 
stand the hydrostatic pressures and still retain a plus 
pressure differential inside each buoy at all times. For 
instance, if the ocean ?oor is 1,000 feet from'the surface, 
and a 30° angle is required on the pipe as it is being 
lowered in, some 18 buoyancy stations might be re 
quired 100 feet apart, or perhaps 36 stations 50 feet 
apart. Each buoyancy station would require increas 
ingly higher pressures at greater depths, yet all must be 
controlled from a single air pressure source at a pressure 
which will offset the hydrostatic pressures at 1,000 feet, 
or 434 PSI plus the slight differential inside the buoys. 
The valving system 18 of this ‘invention permits each 
buoyancy station to receive its required air pressure 
from a single 500 PSI air supply completely automati 
cally, and merely maintain pressure inside equal to sur 
rounding hydrostatic pressure, plus a l-5 PSI differen 
tial so as to stay totally in?ated and maintain its maxi 
mum buoyancy. In the method illustrated in FIG. 7, 
buoys 12 are continuously attached to the pipe as it is 
being laid, and as the pipe reaches the ocean ?oor, the 
buoys are automatically detached, returning to the sur 
face to be re-used again. 

Referring now to FIG. 8, another method of utilizing 
the buoyancy system of this invention for laying a pipe 
line P offshore is illustrated. 
By this method, pipeline P is cradled to the bottom by 

a plurality of cradle assemblies 100 which include a 
plurality of primary buoys 12 connected to an elon 
gated, rigid stiffener 101 which ‘includes a plurality of 
rollers 102 through which pipeline P may pass as it is 
being lowered. The cradle assemblies 100 are connected 
end to end and extend downwardly from a barge B. By 
this method the same buoys remain on the pipe for an 
entire pipeline job, although buoys would be added for 
deeper water, and removed in shallower water. The 
pipe would pass through rollers in the cradles of each 
buoyancy station continuously. In place of rigid stiff 
ener 101, another embodiment of the method and sys 
tem of FIG. 8 employs two rearwardly placed anchors 
(not shown) to hold the buoyancy stations in their re 
spective locations, with each anchor alternately being 
moved by an auxiliary work boat.‘ In this case, the stiff 
eners may or may not be used, strictly according to the 
particular application, since the force will be held from 
the ocean ?oor, as opposed to the surface. Still another 
embodiment of the FIG. 8 system and method utilizes a 
braking system associated with the buoyancy stations, 
to remotely control the position of each buoyancy sta 
tion in its location along the pipe. Here again, the stiff 
eners may or may not be used, according to other spe 
ci?c conditions. Several types of braking systems can be 
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utilized, including air actuated, air-over-hydraulic actu 
ated, straight hydraulic, and electromagnetic brakes. 
All are designed so as not to damage protective and/or 
weight coatings on the pipe. Braking systems will not 
have to be necessarily placed at each ?oatation station, 
but rather at each 250-500 feet along the pipe, depend 
ing upon the angle of the pipe. The less the angle, the 
lesser amount of holding power will be necessary; and 
conversely, the greater the angle, the greater amount of 
holding power required. Since the lay barge is almost 
constantly in forward motion, the floatation system will 
also be in almost constant motion along the pipe. Brak 
ing action can be automatically coordinated with the 
forward motion of the lay barge. 
FIG. 9 illustrates a system similar to that shown in 

FIG. 8, but without the stringer connecting the buoys 
12, which are supplied with in?ating pressure from 
conduit 19 and through control valve 18. A combina 
tion roller and braking apparatus 110 connected to each 
of buoys 12 stradles pipeline P and can selectively, by 
applying a braking force, ride the pipe, or by releasing 
the braking force, permit the pipe to pass through the 
apparatus. Thus, as the pipeline is lowered each of the 
buoys 12 can be lowered by the pipeline to a preselected 
depth and desired spacing along the pipeline when this 
depth is reached the braking forces can be released to 
permit the pipeline to be supported at a desired angle in 
the water under guidance and support from the buoys. 
If the pipeline is raised in the water, the buoys at the top 
can be removed and, conversely, if lowered, buoys can 
be added to the pipeline near the water’s surface. Of 
course, because of the control provided by valves 18 the 
in?ating pressure in buoys 12 will be maintained at the 
appropriate value 0-5 PSI greater than the hydrostatic 
pressure at any depth of submergence and throughout 
descent and ascent. 

Referring now to FIGS. 10, 11 and 12, one form of a 
braking apparatus 120 which may be utilized with the 
buoyancy systems illustrated in FIGS. 8 and 9 is shown. 
The braking apparatus illustrated also provides for re 
leasable engagement with the pipeline so that the whole 
apparatus, including the buoy or buoys connected to it, 
may be brought to the surface upon command. Also, the 
apparatus illustrated includes a plurality of rollers and 
when the braking force is released it permits the pipe 
line to pass through to the apparatus by rolling on the 
rollers. For this purpose apparatus 120 is provided 
which includes two spaced apart, generally down 
wardly extending U shaped frame members 121 con 
nected to opposite ends of an elongated stringer 122 to 
which one or more buoys 12 or 14 are connected by a 
strap or other connecting member 123. Frames 121 
include a main upper body portion 122 and depending, 
pivoted arm portions 124a and 124b respectively which 
are connected at pivot points 125 and 126 to upper body 
portion 122 as illustrated in FIG. 10. As also illustrated 
in FIG. 10 a pair of ?uid operated cylinders 127 and 128 
mounted on opposite sides of main body portion 122 are 
connected through their respective piston rods 129 and 
130 to arms 124a and 124b between the position illus 
trated in FIG. 10 where apparatus 121 stradles pipe P so 
that the pipe may roll on a plurality of rollers 131 
mounted by frame 121, and a position where arms 124a 
and 124b open away from each other to permit appara 
tus 120 to be lifted from pipeline P. Cylinders 127 and 
128 may be pneumatically operated or hydraulically 
operated from a lay barge so that when pipe P reaches 
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the bottom of a body of water apparatus 120 can be 
released and brought back to the surface. 
As also illustrated in FIG. 10, apparatus 120 includes 

a braking mechanism, illustrated in detail in FIG. 12, 
which includes two elongated brake shoes 132, each 
mounted on one of arms 124a and 1241; and extending 
towards the other and towards pipe P. As illustrated in 
FIG. 11 it is preferred that the brake shoes extend be 
tween spaced apart body portions 121. The braking 
mechanism also includes a back-up plate 133 connected 
to each of arms 124a and 124k and elongated air bags 
135 connected to each back-up plate and to which each 
of the brake shoes 132 are connected. Thus, by the 
introduction of air into air bags 135 brake shoes 132 can 
be forced into engagement with the surface of pipe P as 
required to apply braking forces between apparatus 120 
and the pipe P. 

Referring now to FIG. 13, apparatus 140 is illustrated 
for providing releasable engagement of a buoy (either 
primary or secondary) to a pipeline P. Also, a marker 
buoy 141 as illustrated as being connected to a spool 142 
by a cable 143 and marker buoy 141 can be caused to 
remain at the surface of the water to permit the location 
of an underwater buoy to be easily determined, such as 
when pipeline is left at an offshore position during 
heavy seas or other reasons. Apparatus 140 is deisgned 
to be released and picked up by a work boat through a 
cable, hook and winch on the work boat, and without 
diver assist. However, as illustrated in FIGS. 14 
through 16 a remotely releasable buckle 150 can be 
provided for use with the present invention, and the 
buckle can be actuated from the remote source to cause 
a buoy or other object to be released from a pipeline or 
other underwater object. For example, in the system 
illustrated in FIG. 6 a releasable buckle can. be placed 
between each of the buoys and the pipeline and released 
upon command when that portion of the pipeline on 
which a particular buoy is connected reaches the sea 
bottom. 
As illustrated in FIGS. 14, 15 and 16, buckle 150 

includes two ?at plates 151 and 152 with plate 151 form 
ing the top of the buckle in the orientation of the buckle 
illustrated in the drawings. Plate 152 is mounted below 
plate 151 and in abuttment therewith, but in a manner so 
that it may slide away from plate 151. Plate 151 includes 
a portion 153 extending beyond the main portion of the 
buckle, and outwardly extending portion 153 includes a 
slotted opening 154 through which a strap or other 
mechanism for securing the buckle to either the buoy or 
the pipeline may be passed. Similarly plate 152 includes 
an outwardly extending portion 155 extending beyond 
the main body of the buckle and outwardly extending 
portion 155 includes a slotted opening 156 through 
which a strap or other connecting means may be passed 
for connecting the buckle to either the buoy or a pipe 
line, i.e., to the member which is not connected to the 
buckle by the strap which is passed through opening 
154. Thus, with the arrangement as shown in plates 151 
and 152 are pulled apart and disengaged from each 
other, then the buoy and the pipeline connected thereto 
would also be disengaged from each other. 
To permit plates 151 and 152 to be selectively disen~ 

gaged from each other, means is provided which in~ 
cludes a roller 157 which is mounted by a shaft 157:: in 
a slotted opening 159 provided in plate 151. Also, a 
slotted opening 60 is provided in plate 152 so that roller 
157 may also be received in opening 160 as illustrated in 
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FIG. 15. Leaf springs 158 are also mounted on plate 151 
and normally urge plate 152 away from plate 151. 

Thus, with the arrangement as shown, when plates 
151 and 152 are engaged together in the relationship 
shown in FIG. 15, any forces tending to pull them apart 5 
causes plate 152 to butt against roller 157 in opening 
160, thus preventing the plates from being moved fur 
ther apart. Thus, in order to prevent plates 151 and 152 
from being pulled apart, some means is required for 
holding plate 152 substantially against plate 151 with a 10 
force greqter than the force of springs 158 urging the 
plates apart. As illustrated in FIG. 15 this means in 
cludes an air bladder or bellows 161 connected by an air 
hose 162 to a source of air pressure (not shown) and 
mounted between a plate 163 forming the bottom plate 15 
of the» buckle 150 in the orientation shown in FIG. 15, 
and plate 164. Plate 164 includes a slotted opening 165 
for recieving roller 157 and is mounted between bellows 
161 and plate 152. Thus, when bellows 161 are in?ated 
as shown in FIG. 15, plate 164 forces plate 152 into 
engagement with plate 151, and when slotted opening 
159, 160 and 165 are in alignment, roller 157 will be in 
a position to prevent plates 151 and 152 from being 
pulled apart. However, when the pressure is released 
from bellows 161 and the bellows collapse as shown in 25 
FIG. 16, the force of springs 158 urges plate 152 away 
from plate 151 and permits plate 152 to be moved past 
roller 157 and pulled apart from plate 151. Thus, with 
this arrangement, air line 162 can be tied to the primary 
air lines applying pressure to the buoys so that when 
ever there is positive pressure in this line plate 151 and 
152 will remain engaged. However, when pressure in 
the lines is shut off, such as when the buoy reaches sea 
bottom then plates 151 and 152 can be pulled apart and 
the buoy released from the pipeline. If desired, means 35 
(not shown) can be provided on the buoy which re 
sponds to a desired hydrostatic pressure, or to actual 
contact with the sea bottom, to cause the air supply to 
bellows 161 to be shut off and automatically release the 
buoy from the pipeline as it reaches a predetermined 
depth or sea bottom. 
Of course, buckle 150 can be made fail safe by revers 

ing the arrangement of the components so that bellows 
161 must be pressurized to cause plate 152 to move 
away from plate 151, and when there is no pressure in 45 
bellows 161, the springs would urge plates 151 and 152 
together. 

Referring now to FIG. 17, another embodiment of 
the system and method of this invention is illustrated for 
supporting pipeline P at an angle in a body of water. In 
this embodiment a plurality of secondary buoys 14 are 
connected at spaced intervals to pipeline P, for example 
50 feet apart. Each buoy 14 includes its associated con 
trol valve 25 to which a main air line 33 providing the 
main in?ating pressure for buoys 14 is connected. Also 55 
a pilot pressure line 28 is provided which is connected 
to each of the control valves 25 and also includes a 
return line 28a. Means is also provided in ?ow line 28 
for providing successively higher pilot pressure to each 
such buoy at successive lower, deeper depths of sub 
mergence. For example, a regulator 28b is connected in 
?ow line 28 between each of the respective control 
valves as shown in FIG. 17. The full pilot pressure is 
supplied at the deepest end of the system, i.e., at the 
input of the lower most ori?ce 28b, and this pressure is 65 
dropped through each of the successive regulators 28b 
and returns to the surface through line 28a at a lower 
value than that in line 28. Thus, by proper sizing of each 
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of the regulators 28b, a different pilot pressure can be 
provided for each of the control valves 25 for each 
buoy 14 corresponding to that required to cause each 
buoy to be stabilized at a desired depth. Thus, with this 
arrangement different pilot pressures can be supplied 
automatically to a large number of control valves by 
only two flow lines. 
As illustrated in FIGS. 18 and 19, another embodi 

ment of the present invention is directed to a system and 
method for holding a cylindrical object, such as a pipe, 
casing, or a riser vertically with respect to the ocean 
bottom. When drillships are drilling in water of over 
1,000 feet in depth, the riser through which the well is 
drilled must be provided with a buoyancy system to 
withstand most of the weight of the pipe riser. The 
drillship is usually equipped with tensioners or other 
means for holding a part of the weight of this riser, but 
there is a depth at which the drill ship alone cannot 
restrain this weight (depending upon the individual 
drillship, and its equipment, and the diameter, wall 
thickness, and length of the particular riser). For in 
stance, at 2,000 feet depth, the riser will usually weight 
about 300,000 lbs., and the average drillship is only 
equipped to restrain roughly one-third of this weight. In 
this type of application, the required number of buoys 
12 would be spaced at intervals along the height of the 
riser, for example in groups of three about 100 feet of 
height apart, starting at the ocean ?oor. Clamps 170 are 
installed in a manner that the buoys will be fastened 
along the pipe at such intervals, with a single air or gas 
line extending along the entire length of the riser, with 
each ?oatation station taking its required air pressure 
from the line automatically in order to maintain its full 
in?ation against the hydrostatic pressure at that depth, 
plus a slight differential pressure, inside each buoy. If a 
?oating crane is used to lower the riser into the ocean, 
the buoys may be in?ated or de?ated as desired until the 
riser is in its position from ocean ?oor to drillship. If the 
length and weight is inconvenient for the crane to han 
dle, then the buoys can be connected to self-in?ate as 
the riser is lowered into the ocean, taking most of the 
load off the crane. Also, the entire length and weight of 
the riser can be handled on the surface by the buoyancy 
system alone, with the valving set up so as to lower the 
riser one end ?rst into the ocean, with little or no help 
from a surface crane. 

Referring now to FIGS. 20 and 21 in the drawings, an 
alternate form of the valving mechanism used for both 
the primary and secondary buoys of this invention is 
illustrated. As illustrated in FIG. 20 a suitable valve 200 
for use with the primary buoys 12 includes a valve body 
or housing 201 having internal bore 202 pushing 
through the length of the valve body and including the 

' central portion or chamber 203 of relatively larger di 
ameter and end portions 204 and 205 of relatively 
smaller diameter. Valve body 201 also includes trans 
verse bores 206 and 207 and 208 perpendicular to and 
communicating with bore 202. Bore 206 can be con 
nected through a suitable fitting 209 to inlet 16 of a 
primary buoy 12 to conduct in?ating pressure to the 
buoy. Bore 207 may be connected to ?ow line 19 
through a suitable ?tting 210 and bore 208 may be con 
nected through a suitable ?tting 211 to an exhaust con 
duit 212 for exhausting air or other in?ating medium 
from buoy 12. 
A slidable valve member 213 is mounted into bore 

202 and includes a recessed center portion 214 smaller 
in diameter than the end portions of the valve member. 
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Suitable seals, such as O-rings 215 are provided about 
the valve member 213 and about the inner wall of cham 
ber 203 to seal the inlet side of the valve from the ex 
haust site. Thus, with the arrangement shown when the 
center portion 214 of valve member 213 is to the left 
hand side of housing 201 as shown in FIG. 20, air is 
permitted to pass from bore 207 through chamber 203 
into outlet bore 206. On the other hand, when center 
portion 214 of valve member 213 is to the right hand 
side of valve body 201, air is permitted to pass from 
bore 206 and out of exhaust outlet 212. 

In order to automatically provide for the positioning 
of valve member 213 in the chamber 202 to provide the 
described operations at the appropriate time, one end of 
valve member 213 is connected through a threaded rod 
216 to a ?exible diaphram 218 mounted in a housing 
220, and the other end of valve member 213 is con 
nected through a threaded rod 217 to a ?exible dia 
phram 219 mounted in a housing 221. As illustrated, 
housing 221 is open to the hydrostatic pressure on both 
sides of diaphragm 219 by openings 222 and one side 
(the side nearest valve body 201) of housing 220 is open 
to the hydrostatic pressure by openings 223. The oppo 
site side of housing 220 is connected to a conduit 224 
which conducts internal buoy pressure to the side of 
diaphram 218 opposite to the side exposed to the hydro 
static pressure. In addition, a coil spring 225 is mounted 
between diaphram 218 and valve member 213 so that a 
slightly higher buoy pressure will be required (for ex 
ample 3 PS1 in the spring is chosen to apply a 3 PSI 
force to diaphram 218) to cause the value to be bal 
anced. Thus, until the buoy pressure exceeds the hydro 
static pressure by about 3 PSI (or other preselected 
small differential) then air will be added to the buoy. 
However, for example during ascent, if the buoy pres 
sure exceeds the hydrostatic pressure by 3 PSI or 
greater, then air will be exhausted from the buoy 
through exhaust 212. If desired, the valve mechanism 
200 can be mounted at the end of the buoy (assuming to 
be, for example, of an elongated cylindrical con?gura 
tion), and exhaust pipe 212 can extend down to the 
bottom or below the bottom of the buoy so that the 
hydrostatic pressure at the end of the exhaust will be 
slightly greater (for example 1 PSI greater) than that 
about diaphrams 218 and 219 to ensure that the buoy 
will also maintain some residual pressure greater than 
the outside sea pressure and not be collapsed. 
The valve mechanism 200 illustrated in FIG. 21 is 

identical to that illustrated in FIG. 20, except that it is 
mounted so that exhaust pipe 212 extends upwardly to 
the top (or slightly beyond) of a secondary buoy 14, and 
the side of housing 220 connected to receive buoy pres 
sure in FIG. 20 is connected through a conduit 230 to 
receive air from a pilot air supply such as in conduit 28 
in FIG. 1. With this arrangement the pressure in sec 
ondary buoy 14 can be varied by changing the pilot 
pressure. If desired, a ?ow line 231 can be connected 
between the fill inlet 16 of buoy 14 and conduit 230 
through a check valve 232 normally closed by the pilot 
pressure so that when the pilot pressure is removed, the 
buoy pressure will hold pressure in the buoy to keep it 
from collapsing. Since it may be necessary to exhaust all 
air from the secondary buoys, the exhaust preferably 
extends upwardly as noted. 
Other applications of the present invention are nu 

merous, particularly in offshore oil and gas exploration 
and production, the laying of underwater cables, and 
handling heavy equipment or other objects in deep 
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water. One embodiment would consist of lowering a 
“Christmas tree” or other well-control equipment to the 
ocean ?oor. The ?oatation system could be left inde? 
nitely attached to this equipment if desired, so at a later 
date the equipment could be brought to the surface 
again without the use of cranes, winches, etc. This 
would only require that an air line be left attached to the 
buoyancy system, with one end left at the surface at 
tached to a surface buoy for any possible future opera 
tions. Another embodiment would apply to other un 
derwater equipment, such as manned or unmanned 
craft, underwater cameras, and other tools the industry 
has needed to control remotely from the surface. 

Also, many forms other than described of the control 
valves may be employed as long as the desired function 
is provided. Also, while it is preferred that the relatively 
small pressure differential between the buoy in?ation 
pressure and the hydrostatic pressure be limited to a 
maximum 5 PSI to protect the buoy from rupture, if the 
inflating material can withstand a higher pressure, i.e., 
20 PSI or more than, as long as such pressure is rela 
tively small compared to the in?ating pressure and the 
hydrostatic pressure the principles of this invention are 
being employed. 
As many possible embodiments may be made of the 

invention without departing from the scope thereof, it is 
to be understood that all matter herein set forth or 
shown in the accompanying drawings is to be inter 
preted as illustrative and not in a limiting sense. 
What is claimed is: 
1. A submersible buoy for use in controlling the de 

scent or ascent in an object in a body of water, compris 
ing, in combination: 

an in?atable, collapsible buoy member including an 
inlet for receipt and discharge of an in?ating me 
dium, said buoy member capable of being in?ated 
from a collapsed state of minimum buoyancy to a 
fully in?ated state of maximum buoyancy, 

and valve means connected to said inlet and adapted 
to be connected to a source of inflating medium, 
said valve means being responsive to variations in 
the hydrostatic pressure about said buoy when 
submersed in a body of water to control the 
amount of in?ation of said buoy member by the 
addition or removal of in?ating medium in said 
buoy member in response to changes in the depth 
of submergence of said buoy member, while main 
taining a relatively small pressure differential be 
tween the pressure of said in?ating medium and 
said hydrostatic pressure throughout the depths of 
submergence of said buoy member in said body of 
water. 

2. The buoy of claim 1 wherein said valve means 
includes a housing having an internal chamber and a 
valve member disposed in said chamber, 

a ?rst port in said housing for providing ?uid commu 
nication between said chamber and said inlet of said 
buoy member, a second port in said housing for 
providing ?uid communication between said 
chamber and a source of ?uid, and a third port in 
said housing for providing for the exhaust of ?uid 
from said chamber, 

said valve member adapted to move to and from a 
?rst position in said chamber wherein ?uid passes 
from said second port to and through said ?rst 
port, a second position where ?uid may pass from 
said ?rst port to and through said third port, and a 
third position where ?uid communication between 
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said ?rst, second, and third ports is blocked, and 
further including operator means connected to 
cause movement of said valve member between 
said ?rst, second and third positions in response to 
the differential between the pressure of the ?uid 
medium in said buoy member and the hydrostatic 
pressure in the body of water about said buoy 
member. 

3. The submersible buoy of claim 2 wherein said 
operator means includes a DIAPHRAGM operatively 
connected to one end of said valve member to move 
said valve member between said positions, one side of 
said diaphram being exposed to the ?uid pressure in said 
?rst port and the other side of said diaphram being 
exposed to the hydrostatic pressure of the surrounding 
body of water. 

0 

5 

4. The submersible buoy of claim 2 wherein said ’ 
valve member includes end portions of relatively large 
diameter and a center portion connecting the end por 
tions of a relatively small diameter, and means for pro 
viding a relatively gradual reduction in diameter of said 
valve member between said end portions and said cen 
ter portion to substantially reduce hysteresis during 
operation of the valve. 

5. The submersible buoy of claim 3 further including 
spring means between said valve member and said hous 
ing for urging said valve member from said second 
position to said ?rst position whereby the pressure of 
the in?ating medium required to cause said valve to 
move to said third position exceeds the hydrostatic 
pressure about the buoy by an amount substantially 
equal to the pressure of said spring. 

6. The submersible buoy of claim 2 wherein said 
operator means further includes a second DIA 
PHRAGM operatively connected to the end of said 
valve member opposite to the end to which said first 
mentioned DIAPHRAGM is connected, one side of 
said second DIAPHRAGM being exposed to the ?uid 
pressure in said ?rst port and the other side of said 
DIAPHRAGM being exposed to a pilot pressure which 
may be varied to vary the position of said valve member 
in said housing. 

7. A buoyancy system for controlling the descent or 
ascent of an object in a body of water, comprising, in 
combination: 

a plurality of in?atable, collapsible, submersible 
buoys, each of said buoys having an inlet for re 
ceipt and discharge of an in?ating medium, and 
being capable of being in?ated from a collapsed 
state of minimum buoyancy to a fully in?ated state 

' of maximum buoyancy, 
a source of in?ating medium for providing said in?at 

ing medium at pressure at least as high as the hy 
drostatic pressure in said body of water at the 
greatest depth of submersion of at least one of said 
submersible buoys; and 

a plurality of valve means each connected to the inlet 
of one of said buoys and to said source of in?ating 
medium, each of said valve means being responsive 
to variations in the hydrostatic pressure about the 
buoy to which it is connected when it is submerged 
in said body of water to control the amount of 
in?ation of said buoy by the addition or removal of 
inflating medium in said buoy in response to 
changes in the depth of submergence of said buoy, 
while maintaining a relatively small pressure differ 
ential between the pressure of said in?ating me 
dium and said hydrostatic pressure throughout the 
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depths of submergence of said buoy in said body of 
water. 

8. The system of claim 7 wherein a plurality of pri 
mary buoys and a plurality of secondary buoys are 
connected to control the ascent or descent of said ob 
ject, and said primary buoys are provided by a plurality 
of ?xed buoyancy members and said secondary buoys 
are provided by said in?atable buoys. 

9. The buoyancy system of claim 7 wherein a plural 
ity of primary buoys and a plurality of secondary buoys 
are provided by said in?atable buoys and are connected 
to control the ascent or descent of said object, said 
primary buoys being adapted to support the load of said 
object with a relatively small negative buoyancy, and 
the secondary buoys having a variable buoyancy to 
control the ascent and descent of said object in said 
body of water. 

10. The buoyancy system of claim 7 wherein said 
object is a pipeline to be laid on the bottom of said body 
of water. ‘ 

11. The buoyancy system of claim 10 wherein each of 
said buoys is mounted on said pipeline by a releasable 
braking mechanism whereby by actuation of said brak 
ing mechanism a buoy can ride the pipeline to a desired 
depth representing a position of neutral buoyancy in 
said body of water where the braking force can be 
released, and the pipeline can then pass through said 
braking mechanism while being supported thereby as it 
is lowered to sea bottom. 

12. The buoyancy system of claim 10 further includ 
ing a releasable buckle connected between each of said ’ 
buoys and said pipeline, and means for causing said 
buckle to be disengaged to release said buoy from said 
pipeline upon command. 

13. The buoyancy system of claim 10 wherein said 
pipeline descends at an angle in said body of water and 
the buoys are provided at spaced intervals along said 
pipeline, and wherein each of said valve means includes 
means responsive to a pilot pressure for varying the 
in?ation of the buoy connected thereto, and further 
including a pilot pressure ?ow line for conducting the 
pilot pressure to each of said valve means and means in 
said flow line between each of said valve means to auto 
matically provide a successively higher pilot pressure to 
the valve means connected to the buoys at greater 
depths in said body of water. 

14. The buoyancy system of claim 13 wherein each of 
said means in said ?ow line is regulator means and 
wherein the valve means at the greatest depth receives 
the full pilot pressure from said ?ow line and the valve 
means at successively shallower depths receives succes 
sively lower pressure from said ?ow line. 

15. The buoyancy system of claim 7 wherein said 
object is a riser connected between a drillship and sea 
bottom. 

16. The buoyancy system of claim 10 wherein each of 
said buoys are connected to said pipeline by a remotely 
actuatable releasable buckle. 

17. A method of supporting an object at various 
depths in a body of water comprising the steps of: 

supporting a major part of the load of said object with 
a plurality of in?atable, substantially completely 
collapsible, and relatively easily portable primary 
buoys submerged in said body of water, each of 
said buoys being in?atable so as to be substantially 
surrounded by only said body of water when sub 
merged therein and 
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utilizing a valve means responsive to variations in the 
hydrostatic pressure about said buoy when sub 
merged in said body of water to automatically 
control the in?ation of each of said buoys in re 
sponse to the depth of submergence of said buoy 
during either ascent or descent of said buoys while 
maintaining a substantially constant relatively 
small pressure differential between the pressure of 
said in?ating medium and the hydrostatic pressure 
at any selected depth in said body of water. 

18. The method of claim 17 wherein the object to be 
supported is a pipeline to be laid offshore and said pri 
mary buoys are connected at spaced intervals along said 
pipeline. 

19. The method of claim 17 wherein said primary 
buoys support said object in said body of water so that 
the combination of said buoys and said object have a 
relatively small negative buoyancy, and further includ 
ing the steps of supporting the remaining load of said 
object with at least one in?atable secondary buoy hav 
ing variable buoyancy and varying the in?ation of said 
secondary buoy for controlling the volume of displace 
ment of the buoy to control the descent and ascent of 
said object in said body of water. 

20. The method of claim 19 wherein the object to be 
supported is a pipeline to be laid offshore and said pri 
mary and secondary buoys are connected at spaced 
intervals along said pipeline. 

21. The method of claim 17 wherein the object to be 
supported is a pipeline to be laid offshore and wherein 
said pipeline is supported by said buoys under control at 
an angle of repose. 

22. The method of claim 21 further including the step 
of releasably placing each of said buoys at spaced inter 
vals along the length of said pipeline, selectively apply 
ing a braking force to cause selected ones of said buoys 
to ride the pipeline as it is lowered to a preselected 
depth at which the buoy can remain substantially static, 
and removing the braking force to cause the pipeline to 
pass through the braking apparatus of the buoy while 
being partially supported by the buoy. 

23. The method of claim 21 wherein the buoyancy of 
each buoy is variable in response to a variable pilot 
pressure and further including the steps of spacing a 
plurality of said buoys along the length of said pipeline 
and providing a successively higher pilot pressure to 
each buoy at successively deeper depths of submer 
gence. ' 

24. The method of claim 23 wherein each of said 
buoys is connected to have its in?ation varied by a 
common pilot pressure supply line connected between a 
source of pilot pressure and said buoys and further 
including the steps of conducting the full pilot pressure 
from said ?ow line to control the in?ation of the lower 
most buoy, and successively restricting the ?ow in said 
?ow line between successive buoys from the lower part 
of the pipeline towards the surface, and returning the 
?ow line from the upper most buoy to the source of 
pilot pressure. 
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25. The method of claim 24 wherein the ?ow in said 

?ow between adjacent buoys is controlled by a regula 
tor means. 

26. The method of claim 17 wherein each of said 
buoys is releasably connected to said object and further 
including the step of causing each buoy to be released 
upon command when the buoy is adjacent to the sea 
bottom. 

27. A buoyancy system for aid in controlling the 
descent, ascent, and positioning of a vertical riser ex 
tending in a body of water from sea bottom to a drillship 
comprising, in combination: 

a plurality of in?atable, collapsible, submersible 
buoys positioned at spaced intervals about said 
riser, each of said buoys having an inlet for receipt 
and discharge of an inflating medium, and being 
capable of being in?ated from a collapsed state of 
minimum buoyancy to a fully in?ated state of maxi~ 
mum buoyancy, 

a source of in?ating medium for providing said in?at 
ing medium at pressure at least as high as the hy 
drostatic pressure in said body of water at the 
greatest depth of submersion of at least one of said 
submersible buoys; and 

a plurality of valve means each connected to the inlet 
of one of said buoys and to said source of in?ating 
medium, each of said valve means being responsive 
to variations in the hydrostatic pressure about the 
buoy to which it is connected when it is submerged 
in said body of water to control the amount of 
in?ation of the buoy by the addition or removal of 
in?ating medium in said buoy in response to 
changes in the depth of submergence of said buoy, 
while maintaining a relatively small differential 
between the pressure of said in?ating medium in 
said buoy and said hydrostatic pressure about the 
buoy throughout the depths of submergence of said 
buoy in said body of water. 

28. A method of aiding in the control of the descent, 
ascent, and positioning of a vertical riser extending in a 
body of water from sea bottom to a drillship, compris 
ing the steps of: 

supporting a major part of the load of said object with 
a plurality of in?atable, substantially completely 
collapsible, and relatively easily portable buoys 
positioned at spaced intervals about said riser and 
submerged in said body of water, each of said 
buoys being in?atable so as to be substantially sur 
rounded only by said body of water when sub 
merged therein and 

utilizing a valve means responsive to variations in the 
hydrostatic pressure about said buoy when sub 
merged in said body of water to automatically 
control the in?ation of each of said buoys in re 
sponse to the depth of submergence of said buoy 
while maintaining a substantially constant rela 
tively small pressure differential between the pres 
sure of said in?ating medium and the hydrostatic 
pressure at the depth of the respective buoy in said 

_ body of water. 
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